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INTRODUCTION 


BACKGROUND 

l.  The  External  Stores  Support.  System  (ESSS)  was  procured  by  the 
US  Army  to  fulfill  the  self-deployment  requirement  described  in 
the  Material  Need  Document  (ref  1,  npp  A)  for  the  UH-60A  heli¬ 
copter.  Sikorsky  Aircraft  Division  of  United  Technologies,  who 
manufactures  the  UH-60A  and  ESSS,  claimed  a  drag  reduction  for 
the  production  ESSS  over  the  prototype  system.  Separately,  the 
US  Army  desired  to  ascertain  the  effect  on  the  self-deployment 
capability  of  the  UII-60A  1C  the  General  Electric  (GE)  T700-GC-700 
turboshaft  engines  were  replaced  with  GE  T700-GE-701  engines.  To 
determine  if  the  UU-60A  still  met  the  self-deployment  requirement 
with  these  changes,  the  US  Army  Aviation  Systems  Command  (AVSCOM) 
tasked  the  US  Army  Aviation  Engineering  Flight  Activity  (USAAEFA) 
(ref  2,  app  A)  in  January  1986  to  plan,  conduct  and  report  on 
level  flight  performance  testing  of  the  U11-60A  helicopter  equipped 
with  a  production  ESSS  and  four  external  fuel  tanks. 


TEST  OBJECTIVE 

2.  The  objective  of  this  evaluation  was  to  obtain  level  flight 
performance  data  for  use  by  AVSCOM  to  determine  if  the  UII-60A 
with  the  production  ESSS  installed  and  proposed  engine  change 
meets  the  self-deployment  requirement. 


DESCRIPTION 

3.  The  test  helicopter,  a  UH-60A  Black  Hawk,  US  Army  S/N  82- 
23748,  was  configured  with  a  production  ESSS,  two  450-gallon 
fuel  tanks  mounted  at  the  inboard  store  stations,  and  two  prepro- 
ductlon  230-gallon  fuel  tanks  at  the  outboard  stations  (photo  1). 
The  ESSS  for  the  Black  Hawk  consists  of  airframe  fixed  provisions 
and  the  external  stores  subsystem.  The  external  stores  subsystem 
is  comprised  of  a  horizontal  stores  support,  two  diagonal  support 
struts,  and  two  vertical  stores  pylons  for  cacli  side  of  the 
a i r frail  .  The  pylons  are  designed  to  accommodate  a  variety  of 
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Photo  l.  UH-60A  in  the  ESSS  with  Four  Tanks  Configura ti on 


test  r.cori-: 

4.  The  level  flight  performance  tests  were  conducted  at  Edwards 
APB  (elevation  2302  feet)  and  Bakersfield  (488  feet),  California. 
A  total  of  12  flights  were  conducted  between  28  May  and  19  .June 
1986  for  a  total  of  13.9  productive  flLglit  hours.  All  test 
flights  were  conducted  (n  the  production  ESSS  with  four  tanks 
configuration.  Flight  restrictions  and  operating  limitations 
observed  throughout  the  evaluation  are  contained  In  the  operator's 
manual  (ref  3,  app  A)  and  airworthiness  release  issued  by  AVSCOM 
(ref  4).  Testing  was  conducted  in  accordance  with  the  test 
plan  (ref  5)  at  the  conditions  shown  in  table  1. 


TEST  METHODOLOGY 

5.  The  flight  test  data  were  recorded  by  hand  from  test 
instrumentation  displayed  in  the  cockpit,  by  on-board  magnetic 
tape  recording  equipment  and  via  telemetry  to  the  Real  Time  Data 
Acquisition  and  Processing  System.  A  detailed  Listing  of  test 
instrumentation  Is  contained  in  appendix  C.  Airspeed  calibra¬ 
tion  data  was  supplemented  by  test  data  from  a  previous  USAAEFA 
evaluation  (ref  6,  app  A).  Flight  test,  techniques  and  data 
reduction  procedures  are  described  in  appendix  D. 
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Table  1.  Level  Flight  Performance  Test  Conditions^ 


Cross 

Weight 

(lb) 

Longitudinal 
Center  of 
Gravl ty 
(FS) 

Pressure 

Altitude 

(ft) 

True  Airspeed 
Range 
(kt) 

Remarks 

15,200 
16,040 
!  17,480 
19,260 

350. 02 

7530 

9350 

10,150 

10,380 

42  to  152 

45  to  149 

45  to  145 

47  to  128 

Base  line 

18,060 

17  ,440 

341  .8 

357  .7 

99702 

42  to  135 

46  to  144 

Longi tudinal 

center  of  gravity  effect 

21,140 
!  23,560 

i  - 

342 .7 2 

5080  '  42  to  140 
2150  |  39  to  133 

Dimensional  flight 
conditions  effect 

17,080 

1  18,920 

1 

350 .22 

_ 

^  T  1 

10,4502  '  123  i  Sideslip  effect 

■  111 

ft 

I  A  ■ 


NOTES: 


^Tests  were  conducted  at  a  referred  rotor  speed  of  258  rpra,  at  a  mid  lateral 
center  of  gravity  in  the  ESSS  with  four  tanks  configuration,  and  with  the 
automatic  flight  control  systems  ON. 

^Values  represent  average  test  conditions  for  appropriate  table  entry. 
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RESULTS  AND  DISCUSSION 


GENERAL 


6.  The  level  flight  performance  evaluation  of  the  UI1-60A  heli¬ 
copter  with  the  production  ESSS  and  production  ferry  tanks  in¬ 
stalled  was  conducted  at  Edwards  AFB,  (2302  feet)  and  Bakersfield 
(488  feet),  California.  The  power  required  for  level  flight  was 
determined  for  this  configuration  for  use  by  AVSCOM  to  calculate 
the  ferry  range  and  fuel  reserves  for  the  self-deployment  mission. 
The  data  were  obtained  and  analyzed  using  ball-centered  flight 
as  the  trim  condition  at  a  referred  rotor  speed  of  258  revolutions 
per  minute.  The  installation  of  the  production  ESSS  and  four 
external  fuel  tanks  for  the  self-deployment  ferry  mission 
increased  the  drag  of  the  normal  utility  configured  UH-60A  by 
approximately  13.5  square  feet  of  equivalent  flat  plate  area. 
This  represents  a  drag  reduction  of  approximately  4.5  square 
feet  from  the  prototype  ESSS  configuration.  The  takeoff  charac¬ 
teristics  were  similar  to  a  normal  utility  configured  UH-60A  and 
remain  a  shortcoming.  Ground  taxi  characteristics  of  the  UH-60A 
at  gross  weights  above  23,000  pounds  and  forward  eg  were  unusual, 
required  high  pilot  workload  and  arc  a  shortcoming. 


LEVEL  FLIGHT  PERFORMANCE 
General 


7.  Level  flight  performance  tests  were  conducted  at  the  test 
conditions  in  table  1  to  determine  the  power  required  for  the 
UH-60A  equipped  with  a  production  ESSS  and  four  external  fuel 
tanks.  Level  flight  power  required  test  results  are  presented 
in  figures  1  through  11,  appendix  E.  Techniques  used  in 
analyzing  the  performance  data  are  described  in  appendix  D. 
The  data  were  corrected  for  estimated  drag  of  external  test 
instrumentation  and  the  electrical  load  used  by  the  test  instru¬ 
mentation.  Data  from  test  flights  at  various  aircraft  longitu¬ 
dinal  eg' s,  dimensional  flight  conditions,  and  sideslip  angles 
were  compared  to  the  base  line  level  flight  performance  data  to 
determine  the  effects  on  power  required. 

Base  Line 

8.  The  test  conditions  for  the  base  line  level  flight  performance 
tests  (figs.  3  through  6,  app  E)  were  selected  to  minimize  dimen¬ 
sional  flight  parameter  variations.  Previous  test  results  (ref  7, 
app  A)  showed  an  unresolved  difference  In  power  required  at 
the  same  true  airspeed  and  thrust  coefficient,  but  different 
gross  weight  and  altitude  combinations.  The  four  test  flights  were 
conducted  at  pressure  altitudes  near  10,000  feet..  The  base  line 
data  was  compared  to  previous  Lest  results  for  the  UII-60A  In  the 
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normal  utility  configuration  and  with  a  prototype  ESSS  installed 
with  four  external  tanks.  The  test  results  of  these  base  line 
flights  when  compared  to  the  results  reported  for  the  UH-60A  with 
a  prototype  ESSS  installed  with  four  tanks  (refs  8  and  9,  app  A) 
show  an  average  drag  reduction  of  approximately  4.5  square,  feet 
of  equivalent  flat  plate  area.  Compared  to  the  normal  utility 
configured  UH-60A  Black  Hawk,  the  installation  of  the  production 
ESSS  with  four  tanks  increased  the  drag  by  approximately  13.5 
square  feet. 

Longitudinal  Center  of  Gravity  Effect 

9.  Tests  were  conducted  to  determine  power  required  as  a  function 
of  aircraft  longitudinal  eg  position.  Test  flights  near  the 
expected  forward  and  aft  c.g  limits  for  self-deployment  ferry 
mission  (figs.  7  and  8,  app  E)  were  conducted  and  the  data  com¬ 
pared  to  the  mission  mid  eg  base  line  data  to  determine  the  change 
in  equivalent  flat  plate  area.  Figure  A  presents  the  test  results 
in  terms  of  change  in  equivalent  flat  plate  area  from  the  base 
line  eg.  At  the  expected  takeoff  eg  for  the  ferry  mission,  fusel¬ 
age  station  (FS)  343,  the  drag  is  5.2  Bquare  feet  higher  than  for 
the  mission  mid  eg  (FS  350).  A  drag  reduction  of  4.4  square  feet 
was  determined  for  the  mission  aft  eg  (FS  358)  flight.  A  large 
portion  of  the  self-deployment  ferry  mission  is  conducted  with 
the  aircraft  longitudinal  eg  location  forward  of  the  baseline  data 
obtained  during  this  evaluation.  Compensation  for  changes  in  air¬ 
craft  eg  during  the  ferry  mission  should  be  included  in  the  ferry 
range  determination  using  the  data  presented  in  this  report. 

Dimensional  Flight  Conditions  Effect 


10.  Tests  were  conducted  at  different  dimensional  flight  condi¬ 
tions  (airspeed,  gross  weight  and  altitude)  that  yield  the  same 
nondimensional  values  of  main  rotor  advance  ratio  and  thrust 
coefficient  (figs.  8,  9,  and  10,  app  E)  .  Previous  performance 
tests  and  data  analysis  (ref  7,  app  A)  of  the  UH-60A  did  not 
produce  consistent  results  using  solely  a  nondimensional  analysis. 
Stabllator  position  was  determined  to  be  a  contributing  factor 
but  did  not  completely  explain  the  phenomenon. 

11.  The  test  data  obtained  during  this  evaluation  initially  showed 
the  same  inconsistent  results.  The  test  airspeed  boom  system  used 
for  data  reduction  was  discovered  to  be  influenced  by  thrust 
coefficient  (para  5,  app  D)  Until  now  the  position  error  for  the 
Lest  boom  was  assumed  to  be  Independent  of  aircraft  flight  param¬ 
eters.  Once  this  effect  was  incorporated  into  the  data  reduction 
method,  the  nondimensional  analysis  produced  consistent  test 
results  at  all  but  the  fastest  airspeeds.  At  these  airspeeds 
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and  different  dimensional  cond  1 1: 1  ons ,  the  effect  of  the  stabllntor 
position  on  power  required  (para  13,  app  D)  explained  mast  of 
the  remaining  power  required  difference. 


Sideslit 


12.  Limited  test  data  were  obtained  to  determine  the  effect  of 
sideslip  angle  on  power  required  (fig.  11,  app  E).  The  trend  of 
change  in  equivalent  flat  plate  area  with  sideslip  was  similar 
to  that  obtained  in  previous  tests  of  the  normal  utility  config¬ 
ured  UH-60A  (ref  7,  app  A),  however,  the  amount  of  change  in 
power  required  as  a  function  of  sideslip  angle  was  less. 


HANDLING  QUALITIES 
General 


13.  Control  positions,  aircraft  attitudes  and  inherent  sideslip 
angles  were  obtained  in  conjunction  with  the  level  flight  per¬ 
formance  tests.  Handling  qualities  of  the  UH-60A  in  the  test 
configuration  were  qualitatively  evaluated  and  found  to  be  similar 
to  the  normal  utility  configured  UH-60A.  The  ground  taxi  charac¬ 
teristics  of  the  UH-60A  at  gross  weights  above  23,000  pounds  and 
forward  eg  location  were  unusual,  required  high  pilot  workload 
and  are  a  shortcoming.  Takeoff  characteristics  were  similar  to 
a  normal  utility  configured  UH-60A  and  remain  a  shortcoming. 
The  position  error  for  the  ship's  airspeed  system  was  increased 
by  approximately  two  knots  due  to  the  Installation  of  the  ESSS 
with  four  tanks. 

Control  Positions  in  Trimmed  Level  Flight 

14.  Flight  control  positions  and  aircraft  attitude  data  were 
obtained  in  conjunction  with  the  level  flight  performance  tests 
and  are  presented  in  figures  13  through  15,  appendix  E.  The 
data  presented  in  these  figures  show  the  effects  of  thrust 
coefficient,  longitudinal  eg  location  and  dimensional  flight 
conditions.  The  trends  of  control  position  with  airspeed  were 
similar  to  those  of  the  UH-nOA  helicopter  in  the  normal  utility 
conf Iguratl on. 

Ground Taxi  Charnc t  erist  ics 

15.  The  ground  taxi  characteristics  of  the  UH-60A  in  the  ESSS 
with  four  tanks  configuration  were  qualitatively  evaluated  during 
the  performance'  evaluation.  Ground  taxi  characteristics  at 
Cross  weights  less  than  22,000  pounds  at  all  longitudinal  eg 
locations,  were  similar  to  a  normal  utility  configured  U1I-60A. 
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At  gross  weights  from  23,000  to  24,500  pounds  and  a  forward 
longitudinal  eg  loentLon  (FS  343)  the  pilot  was  required  to 
position  the  flight  controls  precisely  and  concentrate  on  con¬ 
trolling  the  aircraft  in  order  to  taxi  on  a  level  paved  surface. 
To  initiate  forward  aircraft  movement,  the  collective  control 
was  raised  to  approximately  mid  position  and  the  cyclic  controls 
placed  slightly  forward  of  center.  Initiating  and  maintaining 
forward  aircraft  movement  (taxiing)  was  difficult  and  very  sensi¬ 
tive  to  flight  control  applications.  Precise  cyclic  (+1/4  Inch) 
and  collective  (+1/2  inch)  control  positioning  was  required.  If 
too  much  forward  cyclic  control  was  applied  with  the  collective 
control  required  to  taxi,  the  aircraft  did  not  move  forward  but 
only  rotated  about  the  main  landing  gear  lifting  the  tail  wheel 
off  the  ground.  Small  lateral  cyclic  control  application  caused 
the  aircraft  to  bounce  on  the  main  landing  gear  in  a  lateral 
rocking  motion  suggestive  of  ground  resonance.  This  response  was 
easily  stopped  by  lowering  the  collective  control  or  centering 
the  eye  Lie.  Applying  too  much  collective  control  with  the  cyclic 
control  centered  caused  the  aircraft  to  leave  the  ground.  When 
the  proper  combination  and  amount  of  forward  cyclLc  and  collective 
controls  were  applied,  the  aircraft  moved  forward  at  the  pace  of 
a  slow  walk.  This  speed  could  not  be  changed  with  any  control 
application.  Turns  while  taxiing  were  accomplished  by  small 
(+1/4  inch)  lateral  cyclic  and  pedal  (+1/2  inch)  control  move¬ 
ments.  These  unusual  ground  taxi  characteristics  are  not  exhibited 
by  the  UH-60A  when  operated  within  its  normal  gross  weight  and 
eg  limitations.  Ground  taxi  characteristics  that  require  high 

pilot  workload  at  gross  weights  above  23,000  pounds  and  forward 
eg  are  a  shortcoming,  but  are  adequate  for  the  intended  self¬ 
deployment  mission.  The  following  note  should  be  incorporated 
into  the  UH-60A  operator's  manual. 

NOTE 

Ground  taxiing  the  aircraft  in  the  ESSS 
with  four  tanks  configuration  above  23,000 
pounds  and  a  forward  longitudinal  eg 
location,  requires  precise  control  appli¬ 
cations  to  Initiate  and  maintain  forward 
movement.  With  sufficient  collective  con¬ 
trol  applied,  too  much  forward  cyclic 
control  application  causes  the  tail  wheel 
to  lift  off  the  ground  and  any  lateral 
cyclic  control  application  causes  the 
aircraft  to  bounce  on  the  main  landing 
gear  in  a  lateral  rocking  motion.  Too 
much  collective  control  applical ion 
results  in  tin-  aircraft;  lifting  oil  I  ho 
ground . 
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Takeoff  and  Landing  Characteristics 


16.  The  takeoff  and  landing  characteristics  of  the  UH-60A  in  the 
ESSS  with  four  tanks  configuration  were  qualitatively  evaluated 
during  the  performance  evaluation.  Normal  takeoffs  from  and 
landings  to  a  hover  were  similar  to  a  UI1-60A  in  the  normal 
utility  configuration  at  similar  gross  weights  and  longitudinal 
cgs.  Takeoff  at  24,500  pounds  gross  weight  (820  feet  density 
altitude  and  forward  longitudinal  eg  location,  FS  343)  was 
accomplished  from  a  3-foot  hover  using  the  level  acceleration 
technique.  This  teciinique  was  used  since  a  normal  takeoff  profile 
(accelerate  and  climb)  was  not  possible  because  of  the  gross 
weight,  altitude  and  power  available.  Approximately  98%  engine 
torque  was  required  to  hover  at  these  conditions.  The  aircraft 
accelerated  forward  slowly  after  forward  cyclic  and  increasecl 
collective  controls  were  applied.  The  pilot  was  required  to 
monitor  engine  torque  and  rotor  speed  closely  while  maintaining 
the  3-foot  wheel  height  during  the  acceleration  portion  of  the 
takeoff.  The  aircraft  exhibited  a  noticeable  5  to  7  degree  nose 
down  pitch  attitude  until  reaching  approximate.1  y  40  knots  indica¬ 
ted  airspeed.  At  approximately  45  knots,  a  pitch  over  tendency 
occurred.  Up  Lo  90%  aft  longitudinal  cyclic  control  (10%  aft 
longitudinal  control  remaining)  was  required  to  arrest  the  pitch 
over.  In  addition,  small  (+1/8  inch)  frequent  cyclic  and  moderate 
(+1/2  inch)  occasional  directional  control  movements  were  required 
throughout  the  takeoff.  These  aircraft  characteristics  and 
control  requirements  increased  the  pilot  workload  and  were 
objectionable  (HQRS  5)  (fig.  1,  app  D) .  Similar  characteristics 
for  normal  takeoffs  were  described  for  a  normal  utility  configured 
UH-60A  (ref  10,  app  A)  and  reported  as  a  shortcoming.  The  objec¬ 
tionable  takeoff  characteristics  for  this  UH-60A  in  the  ESSS 
with  four  tanks  configuration  are  similar  to  a  normal  utility 
configured  UH-60A  and  remain  a  shortcoming. 


INHERENT  SIDESLIP  CHARACTERISTICS 

17.  The  inherent  sideslip  angles  were  measured  and  recorded  during 
all  test  flights.  Like  the  previous  test  results  (refs  7,  8,  and 
9,  app  A),  the  inherent  sideslip  varied  with  thrust  coefficient 
and  airspeed.  No  consistent  trend  with  longitudinal  eg  location 
or  dimensional  flight  condition  was  determined.  The  data  from 
all  the  Lest  flights  were  grouped  according  to  thrust  coefficient 
and  faired  to  determine  the  Inherent  sideslip  for  the  UH-60A  in 
the  ESSS  with  four  tanks  configuration  (fig.  12,  app  E) .  Compared 
to  the  IIH-60A  in  the  normal  utility  configuration,  the  inherent 
sideslip  was  2  to  3  degrees  further  left.  This  characteristic 
agrees  with  results  reported  previously  on  the  U11-60A  with  a 
prototype  ESSS  installed  (refs  0  and  9,  app  A). 
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PITOT-STATIC  SYSTEM  CALIBRATION 


18.  Airspeed  calibration  testa  were  conducted  to  determine  the 
position  error  of  the  airspeed  syste.ni  for  the  UH-60A  in  the  ESSS 
with  four  tanks  configuration.  Two  flights  were  conducted  using 
a  pace  aircraft  with  a  calibrated  pitot-static  system  installed. 
The  position  error  determined  from  these  flights  is  presented  in 
figure  16,  appendix  E.  Also  presented  in  this  figure  are  data 
from  a  previous  DSAAEFA  test  (ref  6,  app  A).  Compensating  for 
the  longitudinal  eg  difference  between  the  data  sets  (+1.0  knot), 
the  position  error  for  the  UII-60A  in  the  ESSS  with  four  tanks 
configuration  is  approximately  2  knots  higher  at  110  knots 
indicated  airspeed  than  the  normal  utility  configured  Black 
Hawk.  This  airspeed  is  near  the  long-range  cruise  airspeed  for 
the  ferry  mission.  This  airspeed  position  error  should  be 
incorporated  in  the  performance  planning  section  of  the  U1I-60A 
operator's  manual  for  the  ESSS  with  four  tanks  configured  Black 
Hawk . 

10.  A  test  airspeed  boom  was  mounted  at  the  nose  of  the  test 
aircraft  and  is  described  in  paragraph  3,  appendix  C.  The 
airspeed  boom  was  used  as  a  speed  reference  in  order  to  determine 
the  effects  of  thrust  coefficient  and  aircraft  longitudinal  eg 
on  the  ship's  airspeed  system  position  error.  The  data  to 
determ i nc  these  effects  was  obtained  in  conjunction  with  the 
level  flight  performance  tests  and  are  presented  in  figures  17 
and  18,  appendix  E.  A  trend  of  increasing  position  error  with 
increasing  thrust  coefficient,  approximately  1.5  knots,  was 
determined  for  the  thrust  coefficient  range  tested.  Changing 
the  aircraft  longitudinal  eg  location  from  FS  358  to  FS  343 
increased  the  position  error  approximately  3  knots  over  the 
entire  airspeed  range. 


11 


CONCLUSIONS 


GENERAL 

20.  Based  on  tills  evaluation,  the  following  conclusions  were 
reached  about  the  UI1-60A  Black  Hawk  with  the  production  ESSS 
installed  with  two  450-gallon  tanks  and  two  preproduction 
230-gallon  tanks  mounted  at  the  inboard  and  outboard  pylons, 
respectively. 

a.  The  production  ESSS  with  four  tanks  configuration  was 
determined  to  have  approximately  4.5  square  feet  less  drag  than 
the  prototype  ESSS  wi  tli  four  tank  configuration  previously  tested 
(para  8). 

b.  The  addition  of  the  production  FSSS  with  four  tanks  to 
the  UI1-60A  Black  Hawk  increases  the  drag  by  approximately  13.5 
square  feet  (para  8). 

c.  The  drag  of  the  UH-60A  with  the  production  ESSS  and  four 
tanks  varies  9.6  square  feet  of  equivalent  flat  plate  area  witli 
aircraft  longitudinal  eg  variation  from  FS  343  to  FS  358  (para  9). 

d.  The  effect  of  sideslip  on  power  required  was  less  than 
that  for  a  normal  utility  configured  UH-60A  (para  12). 

e.  .The  ship  system  airspeed  position  error  varied  with 
aircraft  longitudinal  eg  location  and  thrust  coefficient 
(para  19). 

SHORTCOMINGS 

21.  The  following  shortcomings  were  identified. 

a.  The  ground  taxL  characteristics  of  this  UU-60A  at  gross 
weights  above  23,000  pounds  and  forward  eg  location  that  require 
high  pilot  workload  are  a  shortcoming,  but  adequate  for  the 
intended  self-deployment  mission  (para  15). 

b.  The  takeoff  characteristics  of  the  U11-60A  in  the  ESSS 
with  four  tanks  configuration  are  similar  to  a  normal  utility 
configured  Hi  1 —60 A  and  remain  a  shortcoming  (para  16). 
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RECOMMENDATIONS 


22.  The  following  recommendations  are  made: 

a.  The  power  required  data  presented  in  this  report  should 
be  used  to  determine  the  ferry  range  and  fuel  reserve  of  a  UH-60A 
with  a  production  ESSS  installed  with  two  450-gallon  and  two  230- 
gallon  external  fuel  tanks  at  the  inboard  and  outboard  pylon 
stations,  respectively  (paras  8  through  12). 

b.  The  following  NOTE  should  be  placed  in  the  operator's 
manual  (para  15). 


NOTE 


Ground  taxiing  the  aircraft  in  the  ESSS 
with  four  tanks  configuration  above  23,000 
pounds  and  a  forward  longitudinal  eg 
location,  requires  precise  control  appli¬ 
cations  to  initiate  and  maintain  forward 
movement.  With  sufficient  collective  con¬ 
trol  applied,  too  much  forward  cyclic 
control  application  causes  the  tall  wheel 
to  lift  off  the  ground  and  anv  lateral 
cyclic  control  application  causes  the 
aircraft  to  bounce  on  the  main  landing 
gear  in  a  lateral  rocking  motion.  Too 
much  collective  control  application 
results  in  the  aircraft  lifting  off  the 
ground . 

c.  The  ship  system  airspeed  position  error  determined  for 
the  ESSS  with  four  tanks  configuration  should  be  included  in 
the  performance  planning  section  of  the  operator's  manual  (paras 
18  and  19 ) . 
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APPENDIX  B.  DESCRIPTION 


GENERAL 

1.  The  UH-60A  is  a  twin  engine,  single  main  rotor  helLcopter  with, 
nonretractable  wheel-type  landing  gear.  A  movable  horizontal  stab- 
ilator  Is  located  on  the  lower  portion  of  the  tail  rotor  pylon. 
The  main  and  tail  rotor  are  both  four-bladed  with  a  capability 
of  manual  main  rotor  blade  and  tail,  pylon  folding.  The  cross-beam 
tall  rotor  with  composite  blades  is  attached  to  the  right  side 
of  the  pylon.  The  tall  rotor  shaft  Is  canted  20  degrees  upward 
from  the  horizontal.  Primary  mission  gross  weight  is  16,260 
pounds  and  maximum  alternate  gross  weight  is  20,250  pounds.  The 
maximum  gross  weight  was  increased  to  24,500  pounds  for  the  self- 
deployment  ferry  mission.  The  UH-60A  is  powered  by  two  General 
Electric  T700-GE-700  turboshaft  engines  having  an  installed 
thermodynamic  rating  (30  minute)  of  1553  shaft  horsepower  (shp) 
(power  turbine  speed  of  20,900  revolutions  per  minute)  each  at 
sea  level,  standard-day  static  conditions.  Installed  dual-engine 
power  is  transmission  limited  to  2828  shp.  The  aircraft  also 
has  an  automatic  flight  control  system  and  a  command  instrument 
system.  The  test  helicopter,  U11-60A  US  Army  S/N  82-23748,  was 
manufactured  by  Sikorsky  Aircraft  Division  of  United  Technologies 
Corporation,  and  Is  from  the  sixth  .year  production  lot. 
The  addition  of  a  nose-mounted  airspeed  boom  is  the  main 
external  difference  between  the  test  aircraft  and  a  standard 
sixth  year  production  UII-60A  helicopter  with  the  External  Stores 
Support  System  installed.  The  external  configuration  of  the 
test  aircraft  (photos  1  through  8)  was  the  same  for  all  test 
flights.  The  fuel  transfer  components  of  the  external  fuel 
system  were  not  completely  installed  in  the  test  aircraft.  Fuel 
was  not  capable  of  being  transferred  from  the  external  fuel  tanks. 


EXTERNAL  STORES  SUPPORT  SYSTEM 

2.  The  External  Stores  Support  System  (ESSS)  consists  of  the 
airframe  fixed  provisions  and  the  removable  external  stores 
subsystem.  The  F.SSS  was  designed  to  enable  the  UH-60A  to  carry 
external  stores  such  as  auxiliary  fuel  tanks  or  various  weapons 
systems. 

3.  The  airframe  fixed  provisions  (fig.  1)  are  the  fuselage 
attachment  structure  required  for  the  installation  of  the  re¬ 
movable  external  stores  subsystem.  The  removable  external  stores 
subsystem  consists  of  the  horizontal  store  support  which  is  a 
composite  boxed  I-beam  structure,  the  support  struts  (two  on 
each  wing)  and  the  vertical  stores  pylons  (two  on  each  wing)  all 
of  whicli  are  enclosed  with  thin  aluminum  fairings.  Ejector  racks 
were  mounted  on  Lite  vertical  stores  pylons  at  a  4°  nose  up  angle 
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Photo  1.  UH-60A  in  the  ESSS  with  Four  Tanks  Configuration  -  Front  View 


sss 


sss 


Photo  5.  UH-60A  in  the  ESSS  with  Four  Tanks  Configuration  -  Rea 


ISSS  with  Four  Tanks  Configuration  -  Right  Rear  Quartering 


Tanks  Configuration  -  Right  Front  Quartering  View 


with  reference  to  the  aircraft  waterline.  For  this  test,  Model 
MAli-40  ejector  racks  were  mounted  on  the  Inboard  pylons  and 
I1IUI-22A  ejector  racks  on  the  outboard  pylons. 

A.  The  230-gallon  fuel  tanks  mounted  at  the  outboard  stores 
station  were  preproduction  tanks  manufactured  by  Tre-Flbertek . 
Fiber  Technology  Corporation  MFC  Part  No.  230SFT001-1 l ,  and 
were  constructed  out  of  composite  materials.  The  tanks  were 
filled,  as  required,  with  230  gallons  of  ordinary  water,  and 
used  as  ballast  for  the  tests.  The  450-gallon  fuel  tanks  were 
manufactured  by  Sargent  Fletcher  Fuel  Tanks,  MFC  Part  No.  72429/ 
29-450-48295  and  remained  empty  for  the  tests.  All  four  tanks 
were  fin  I  slu'd  with  cxiertnr  top  coat,  MTI.-L4G-159  olive  drab 
acrylic  lacquer  No.  3408/. 


IIXTKKNAL  MODIFICAT IONa 

5.  Several  external  modifications  were  made  to  the  test  aircraft 
for  Instrumentation.  These  modifications  were  not  part  of  the 
standard  UU-60A  or  the  KSS? .  Drag  estimates  for  these  items 
totaled  0.8H3  t  t  ^  of  equivalent  flat  plate  area.  F.ach  Item  Is 
1  1  s ted  he  low: 

Airspeed  boom 

Ambient  air  temperature  sensor 

Telemetry  antenna  (2):  one  on  the  underside  of  the  Call  boom 
near  the  forward  tail  wheel  strut  attachment  point,  the  other 
to  the  right  of  the  left  main  wheel  strut  attachment  point. 
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APPENDIX  C.  INSTRUMENTATION 


CENERAL 

1.  The  test  instrumentation  was  installed,  calibrated  and  main¬ 
tained  by  the  US  Array  Aviation  Engineering  Flight  Activity.  A 
test  boom,  witli  a  swiveling  pitot-static  tube  and  angle-of-attack 
and  sideslip  vanes,  was  installed  at  the  nose  of  the  aircraft. 
Two  telemetry  antennae  were  mounted  to  the  underside  of  the 
fuselage  and  tail  boom.  All  other  instrumentation  was  Installed 
inside  the  test  aircraft.  Data  were  obtained  trom  calibrated 
instrumentation  and  displayed  or  recorded  as  indicated  below. 

T 1  lot  Panel 

Airspeed  (boom) 

Airspeed  (ship)* 

Altitude  (boom) 

Altitude  (ship)* 

Rate  of  climb* 

Rotor  speed  (sensitive-digital) 

Engine  torque*  ** 

Turbine  gas  temperature*  ** 

Power  turbine  speed  (N„)*  ** 

C ns  producer  speed  (li^)*  ** 

Control  posi t i on 
Longitudinal 
Lateral 
Directional 
Collective 

Horizontal  stsbllntor  position* 

Center  of  gravity  (eg)  lateral  acceleration  (sensitive) 

Anglo  of  sideslip 

Copilot  Pa n el 

Event  switch 
Ai rspeed* 

A  1 1 1 1 ude* 

Rotor  speed* 

Engine  torque*  ** 

Ballast  cart  control 
Ballast  rari.  position 
Fool  remaining*  ** 


*f,hip’  K  system/ not  calibrated 

**  Both  engines 


Engineer  Panel 


Pressure  altitude 

Ambient  pressure  _  : . - . 

Engine  fuel  flow** 

Engine  fuel  used** 

APU  fuel  used 

Total  air  temperature 

Instrumentation  controls 

Time  code  display 

Run  number 

Event  swltcti 

?.  Data  parameters  recorded  on  board  the  aircraft  and  available 
for  telemetry  ‘nclude  the  following: 

Digital  (PCM)  DaLa  Paramo ters 

Airspeed  (boom) 

Altitude  (boom) 

Airspeed  (ship' s) 

Altitude  (ship's) 

Toi.al  air  temporal  ure 

Rotor  Speed 

Cas  generator  speed** 

Power  turbine  speed** 

Engine  fuel  flow** 

Engine  fuel  temperature** 

Engine  output  shaft:  torque** 

Turbine  gas  temperature** 

APU  fuel  used 

CC  lateral  acceleration  (sensitive) 

StaoJlator  position 
Movable  ballast  location 
Control  position 
hong,  1  tud  inal 
hai era  I 
Dl rec  t  tonal 
Collect  tve 
At  L  t  tude 
Pitch 
Rol  1 
Head  1 ng 


*Sh  ip's  sv s  L  (".(/ no  |  i  ;i  1  1 1> ra  L  <*»t 

**  Ho  1 1 1  ■  i  nes 
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■»  I 

Tail  rotor  impressed  pitch  (blade  angle  at  0*. 7 5  blade  span) 

Angle  of  sideslip 

Angle  of  attack 

Time  of  day 

Run  number 

Pilot  event  switch 

Engineer  event 


TEST  BOOM  AIRSPEED  SYSTEM 


3.  The  test  boom  airspeed  system  mounted  at  the  nose  of  the  test 
aircraft  provided  measurements  of  airspeed  and  altitude.  Sensors 
for  angles  of  attack  and  sideslip  were  also  mounted  on  the  test 
boom  (photo  l).  The  tip  of  the  swiveling  pitot-static  tube 
was  67  inches  forward  of  the  nose  of  the  aircraft  (FS  97),  25.7 
inches  to  the  right  of  the  aircraft  reference  butt  line  (BL  25.7) 
and  7  inches  below  the  forward  avionics  bay  floor,  WL  208.  The 
"bent-up"  shape  provided  ground  clearance  for  aircraft  operation 
at  heavy  gross  weights  and  forward  longitudinal  center  of  gravity 
locations. 


AIRSPEED  CALIBRATION  ,  * 

A.  The  test  boom  airspeed  system  along  with  the  ship's  standard 
systems  were  calibrated  In  level  flight.  A  calibrated  T-28  pace 
aircraft  was  used  to  determine  the  position  error.  Data  obtained 
from  a  previous  USAAEFA  evaluation  (ref  6,  app  A)  using  the  same 
aircraft  and  boom  airspeed  were  used  to  corroborate  test  data. 
The  position  error  of  the  boom  airspeed  system  is  presented  in 
figures  1  through  3. 


ENGINE  CALIBRATION 

5.  Each  engine  torque  sensor  system  was  specially  calibrated  in 
a  test  cell  by  the  engine  manufacturer,  Ceneral  Electric. 
Figures  A  and  5  present  the  calibrations  used  to  determine  engine 
output  power. 
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airspeed  cknqt 


SSS  with  Four  Tanks  Con 


APPENDIX  D.  TEST  TECHNIQUES  AND  DATA  ANALYSIS  METHODS 


AIRCRAFT  RIGGING 

1.  A  flight  controls  engineering  rigging  check  was  performed  on 
the  main  and  tail  rotors  during  a  previous  test  program  conducted 
by  the  US  Army  Aviation  Engineering  Flight  Activity  (ref  6, 
app  A).  The  stabilator  control  system  was  also  checked  to  insure 
compliance  with  the  production  stabilator  schedule.  The  rigging 
complied  with  the  established  limits  and  no  changes  to  the  flight 
controls  were  made  for  this  test  program.  The  rigging  data  are 
presented  in  table  1. 


AIRCRAFT  WEIGHT  AND  BALANCE 


2.  The  test  aircraft  was  weighed  initially  with  the  complete 
instrumentation  system  and  the  External  Stores  Support  System 
(ESSS)  with  four  tanks  installed,  full  oil  and  all  fuel  drained, 
and  all  ballast  and  ballast  boxes  removed.  The  weight  of  the 
aircraft  in  this  configuration  was  12,987  pounds  with  a  longitu¬ 
dinal  center  of  gravity  (eg)  located  at  fuselage  station  (ES) 
352.2  and  lateral  eg  at  butt  line  (BE)  0.1  left:.  The  Installation 
of  the  production  ESSS  Increased  the  empty  weight  of  the  aircraft 
by  approximately  1238  pounds.  The  fuel  transfer  control  panel  and 
fue.l  transfer  lines  (components  of  the  ESSS)  were  not  installed 
for  this  test. 


3.  Lead  weights  secured  inside  the  aircraft  and  ordinary  water 
in  the  outboard  230-gallon  fuel  tanks  were  used  to  adjust  aircraft 
gross  weight  and  eg  for  test  purposes.  The  outboard  230-gallon 
fuel  tanks  were  either  empty  or  full  of  water  to  prevent  sloshing 
and  eg  shifts  during  flight.  Because  of  the  large  gross  weight 
and  eg  variations  used  during  the  evaluation,  the  aircraft  was 
weighed  several  times  to  confirm  calculated  aircraft  weights  and 
cg's.  The  external  aircraft  configuration  (ESSS  with  four  tanks) 
was  the  sane  for  all  test  flights. 

4.  The  fuel  weight  for  each  test  flight  was  determined  prior  to 
engine  start  and  after  engine  shutdown  by  using  external  sight 
gages  to  determine  the  volume  and  measuring  the  specific  weight: 
of  the  fuel.  Except  for  two  flights  near  10,000  pounds  gross 
weight,  aircraft  eg  was  controlled  by  a  moveable  ballast  system. 
The  moveable  ballast:  system  was  a  cart  (2664  pound  capacity) 
attached  to  the  cabin  floor  by  rails  and  driven  by  an  electric, 
jack  screw.  It  had  a  total  longitudinal  travel  of  72.7  inches 
(  FS  301.0  to  I’S  373.7).  Tito  longitudinal  eg  was  al  lowed  to  vary 
+2.0  inches  for  the  two  level  flight  performance  test  flights 
for  which  the  eg  control  system  was  not  installed. 
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Table  1,  Main  and  Tail  Rotor  Rigging  Information 


Main  Rotor  Rigging 


Flight  Control  Position 

Swashplate  Tilt 
(Degrees) 

Collective* 
Blade  Pitch 
at  the  Root 
(degrees) 

Collective 

Longitudinal 

Lateral 

Pedal 

Long 

Lat 

Low 

*2 

* 

* 

-8.7 

-2.1 

9.6 

High 

* 

* 

* 

-4  .2 

-3.3 

24.3 

Low 

AFT 

LT 

* 

-9.4 

-7.4 

8.8 

High 

AFT 

LT 

* 

-9.2 

-7.6 

24.0 

Low 

FWD 

RT 

* 

11.0 

7.2 

9.3 

High 

FWD 

RT 

* 

17.3 

6.5 

23.4 

High 

AFT 

LT 

LT 

-11.3 

-7.7 

23.6 

Mid 

AFT 

LT 

* 

-11.7 

-7.5 

16.6 

Mid 

Fvw 

RT 

* 

15.6 

6.2 

15.5 

Mid 

* 

* 

* 

-7.4 

-2.6 

17,0 

Tail  Rotor  Rigging 


Flight  Control  Position 


Tail  Rotor  Collective  Blade  Pitch*  j 
at  the  Root  I 


Collective 

Pedal 

(Degrees) 

Mid 

LT 

-23.3 

Mid 

RT 

7.5 

Mid 

MID 

-  7.7 

Low 

MID 

-  0.1 

High 

MID 

-16.2 

High 

LT 

-23.8 

High 

RT 

1.8 

Low 

RT 

6.3 

Low 

LT 

-15.7 

NOTES: 

l Average  oC  four  blades. 

^Indicates  appropriate  control  was  pinned  at  a  rigged  position. 


AIRSPEED  CALIBRATION 

5.  Two  flights  were  conducted  during  this  evaluation  to  determine 
the  position  error  of  the  test  airspeed  boom  system.  The  data  was 
obtained  at  two  values  of  thrust  coefficient.  The  position  error 
for  the  two  data  sets  did  not  agree.  Test  data  from  a  previous 
evaluation  of  the  same  U11-60A  but  in  the  normal  utility  configu¬ 
ration  (ref  6,  app  A)  were  compared  to  the  data  obtained  for  this 
evaluation  (figs.  1  through  3,  app  C)  .  The  same  test  technique 
(pace  aircraft)  and  data  reduction  methods  were  used .  The  position 
error  was  determined  to  be  a  function  of  thrust  coefficient 
after  these  data  were  combined.  A  linear  interpolation  with 
thrust  coefficient  was  used  to  obtain  the  position  error  for 
data  reduction. 


PERFORMANCE 

General 

6.  Helicopter  performance  was  generalized  through  the  use  of  non- 
dimensional  coefficients  as  follows  using  the  1968  US  Standard 
Atmosphere : 


a.  Coefficient  of  Power  ( Cp ) : 


SUP  (550) 


pA(QR) 


Coefficient  of  Thrust  (C-p): 


Who  re 


pA('/!R)- 


S1IP  =  Engine  output  shaft  horsepower  (total  for  both  engines) 


9  / 

p  =  Ambient  air  density  ( 1 b-secz/ ft4 )  -  n 


p()  -  f). 0023760  (  lh-sec2/ftA) 


Pa 

6  =  Pressure  ratio  =  _ 

Pao 

Pa  =  Ambient  air  pressure  (in.-Hg) 

Pao  =  29.92126  in.-Hg 

OAT  +  273.15 

0  =  Temperature  ratio  =  288.15 

OAT  =  Ambient  atr  temperature  (°C) 

A  =  Main  rotor  disc  area  =  2262  ft^ 

0  =  Main  rotor  angular  velocity  (radians/sec) 
R  =  Main  rotor  radius  “  26.833  ft 
GW  =  Gross  weight  (lb) 

vE 

VT  *  True  airspeed  (kt)  «* 

1.6878/pTp^" 

1.6878  =  Conversion  factor  (ft/sec-kt) 

VE  =  Equivalent  airspeed  (ft/sec)  = 


70.7262  =  Conversion  factor  ( lb/ f t2-in.-Hg) 

Qc  =  Dynamic  pressure  (in.-Hg) 

Pa  =  Ambient  air  pressure  (in.-llg) 

At  the  normal  operating  rotor  speed  of  257.9  (100%),  the  following 
constants  may  he  used  to  calculate  Cp  and  Cj: 

QR  =  724.685 

(HR)2  =  525,168.152 

(WR)3  =  380,581,411.9 


1/2 
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7.  The  engine  output  shaft  torque  was  determined  by  use  of  the 
engine  torque  sensor.  The  power  turbine  shaft  twis'ts  as  a  function 
of  applied  torque.  A  concentric  reference  shaft  is  secured  by 
a  pin  at  the  front  end  of  the  power  turbine  drive  shaft  and  is 
free  to  rotate  relative  to  the  power  turbine  drive  shaft  at  the 
rear  end.  The  relative  rotation  is  due  to  transmitted  torque, 
and  the  resulting  phase  angle  between  the  reference  teeth  on  the 
two  shafts  is  picked  up  by  the  torque  sensor.  The  torque  sensors 
for  engines  installed  in  the  aircraft  during  this  evaluation  were 
specially  calibrated  in  a  test  cell  by  the  engine  manufacturer, 
General  Electric.  The  output  from  the  engine  sensor  was  recorded 
on  the  onboard  data  recording  system.  The  output  SUP  was  deter¬ 
mined  from  the  engine's  output  shaft  torque  and  rotational  speed 
by  the  following  equation. 

Q(NP) 

S11P  = _ _  (4) 

5252.113 


Where : 


Q  =  Engine  output  shaft  torque  (ft-lb) 

Np  =  Engine  output  shaft  rotational  speed  (rpm) 

5252.113  =  Conversion  factor  ( f t-lb-rev/min-SNP) 

The  output  S!IP  required  was  assumed  to  include  13  horsepower  for 
daylight  operations  of  the  aircraft  electrical  system,  but  was 
corrected  for  the  effects  of  test  instrumentation  installation. 
A  power  loss  of  1.82  horsepower  was  used  for  electrical  operation 
of  the  instrumentation.  Reductions  in  power  required  were  made 
for  the  effect  of  external  instrumentation  drag  (para  5,  app  B)  . 
This  was  determined  by  the  following  equation. 

AKp  (p/p0)(VT)3 

instr  drag  =  _  (5) 


96254 


where : 

Al'c  =  0.833  ft3  (estimated) 

°  IS  2  5  4  -  Conversion  factor  (  f  L^-kt  ^ /SHP  ) 

The  nominal  fuel  temperature  of  55°C  was  used  in  the  determina¬ 
tion  of  engine  fuel  ennuunipt  ion. 
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Level  Flight  Performance 


General; 


8,  Each  speed  power  was  flown  in  ball-centered  f light  by  refer¬ 
ence  to  a  sensitive  lateral  accelerometer  at  a  predetermined  Cx 
and  referred  iotor  speed  (Nr//6) .  To  maintain  the  ratio  of 
gross  weight  to  pressure  ratio  constant,  altitude  was  increased 
as  fuel  was  consumed.  To  maintain  Nr//9  constant,  rotor  speed 
was  decreased  as  temperature  decreased.  Power  corrections  for 
rate-of-cllmb  and  acceleration  were  determined  (when  applicable) 
by  the  following  equations. 


S,,PR/C 


(R/CtlKGW) 


31 ,000(KP) 


SllPACCEL  =“  1  -6098  X  10 


(VT)  (GW) 


(6) 


(7) 


Whc re : 


K/Cxi,  -  Tnpeline  rate  of  climb  (ft/min)  = 


273.13 


At  /(0ATs  +  273.13 


/Up 


Change  In  pressure  altitude  per  unit  time  (ft/min) 


At 


0ATs  =  Standard  ambient  temperature  at  pressure  altitude 
■Tip 


where 


was  measured  (  C) 


Kp  -  0.7(>  -  power  correction  factor 

1.6098  x  Iti-4  -  Conversion  I  art  nr  ( SlU’-sec /k  t^-l  h) 


AV 

__  =  Change  In  airspeed  per  unit  time  (kt/sec) 


At 

A  power  correction  to  insure  ball-centered  test  data  complied  with 
the  inherent  sideslip  family  of  curves  depicting  the  UII-60A  in  the 
ESSS  and  four  tanks  configuration  (fig. 12,  appendix  E)  was  deter¬ 
mined  from  AFe  as  a  function  of  sideslip  angle  (fig.  11)  and 
equation  5  rewritten  as  follows. 

Sllps/s  -  ‘Wc  In  s/a  -  B-C>  'V*’ 


96254 


Where : 

AFe*jn  s/s  =  Change  in  equivalent  flat  plate  area  based  on 
UH-60A  inherent  sideslip. 

AFc*b_c  =  Change  in  equivalent  flat  plate  area  based  on 
the  sideslip  angle  measured  in  ball-centered  flight. 

*Based  on  change  in  engine  shaft  horsepower. 

Power  required  for  level  flight  at  the  test  day  conditions  was 
determined  using  the  following  equation. 


SHPt-SHP+SHPR/c+SHPACCEL+SHPfl/8-SHPlnBtr  drag"l-82  (9) 

9.  Test  day  level  flight  data  was  corrected  to  average  test  day 
conditions  by  the  following  equate  s. 


(10) 


(11) 
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Whe  re : 


_  Nr  =  Main  rotor  speed  (rev/tain) 

subsori  pt  t  =  Test  day 
subscript  s  =  Average  test  day 

Test  data  corrected  for  rate  of  climb,  acceleration,  instrumenta¬ 
tion  installation,  and  corrected  to  inherent  sideslip,  standard 
altitude,  and  ambient  temperature  are  presented  in  figures  3 
through  10,  appendix  K. 

10.  Level  flight  performance  was  determined  by  using  equations  1 
through  3,  rewritten  in  the  following  form. 


Cp  = 


SHI5(478935 .3) 


5/0 


Po^3 


(12) 


(13) 


(U) 


Where : 

478933.3  ~  Convers  i 'ip  factor  (  f  L-lb-sec^-rev^/min-^-SMP) 
91.19  =  Conversion  1-iCLor  ( sec^-rev^/min^ ) 
lb.  12  =  Conversion  factor  ( t t“ re v/min-kt ) 


11.  Data  analysis  was  accomplished  by  plotting  Cp  versus  p 
for  each  test  at  the  average  Gp»  The  curves  through 
these  data  were  then  cross-faired  as  Cp  versus  C-p  for  lines  of 
constant  p  (figs.  1  and  2,  app  E).  This  carpet  plot  allows 
determination  of  power  required  as  a  function  of  airspeed  and 
CT  • 

12.  The  specific  range  (SR)  data  were  derived  from  the  test  level 
flight  power  required  and  fuel  flow  (Wp  ).  Selected  level  flight 

t 

performance  SHP  and  fuel  flow  data  for  each  engine  were  referred 
as  follows. 


SHP  £ 

shpREF  "  _ _ 

69°  • 5 


*,o0.55 


(15) 


(16) 


A  curve  fit  was  subsequently  applied  to  the  referred  data  and 

used  ns  the  basis  to  correct  Wp  to  standard  day  fuel  flow 

t 

using  the  following  equation. 

WF  =  WF  +  AWp  (17) 

s  t 


Where : 

/Wp  =  Change  in  fuel  flow  between  SHPt  and  SHPs 

The  following  equation  was  used  for  determination  of  specific 
range . 

V'T 

SR  =  _  (18) 

WK 

r, 

Stahl  lator  Position  Effect: 

13.  The  change  In  power  required  to  correct  for  dimensional  dif¬ 
ferences  attributed  to  stnbl lator  position  was  obtained  from 
USAAF.I'A  Final  Report  No.  83-24,  figure  69,  appendix  E  (ref  7, 
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app  A).  The  fairings  from  this  figure  were  cross-faired  as 
A3p  versus  stabilator  position  for  specific  p's  and  applied 
_to  the  fairings  through  the  dimensional  flight  conditions  obtained 
at  forward  longitudinal  eg  (figs.  9  and  10,  app  E).  The  test 
data  at  11,780  feet  density  altitude  (fig.  8)  was  used  as  the 
base  line  ( ACp  =  0)  since  only  the  longitudinal  eg  was  differ¬ 
ent  for  this  test  data  from  the  base  line  data  used  throughout 
this  evaluation.  The  following  equation  was  used  to  determine 
the  power  required  to  account  for  stabilator  position. 


Cp  Cp(t>ase  line)  i  ACp  stabilator 
Where: 

+  or  -  is  employed  depending  on  direction  of  stabilator 
movement  when  transversing  from  base  line  to  test 
cond 1 1 ion  2  . 

+  ;Stabilator  trailing  edge  up 
;Stabilator  trailing  edge  down 


DFFINITION 

Shortcoming 

1A.  An  imperfection  or  malfunction  occurring  during  the  life 
cycle  of  equipment,  which  must  be  reported  and  which  should  be 
corrected  to  Increase  efficiency  and  to  render  the  equipment 
completely  serviceable.  It  will  not  cause  an  immediate  breakdown, 
jeopardize  safe  operation,  or  materially  reduce  the  usability  of 
the  materiel  or  end  product. 


QUALITATIVE  _RATI_NG_  SCALE 

15.  A  Handling  Qualities  Rating  Scale  (HQRS)  was  used  to  augment 
pLlol  comments  and  is  presented  in  figure  1. 
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DEMANDS  ON  THE  PILOT 

ADEQUACY  FOR  SELECTED  TASK  AIRCRAFT  IN  SELECT  ED  TASK  PILOT 

OR  REQUIRED  OPERATION-  CHARACTERISTICS  OR  REQUIRED  OPERATION-  RATING 
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Figure 


Figure  Number 


Nond imens lonal  Level  Flight  Performance 
TUmens Iona]  Level  Flight  Performance 
Change  In  Equivalent  Flat  Plate  Area  with 
Sideslip 

Inherent  Sideslip 

Control  Positions  in  Trimmed  Level  Flight 
Ship  System  Airspeed  Calibration 


1  and  2 
3  through  10 

11 

12 

13  through  15 
16  through  18 


A6 


NONblHENSlCNAL  LEVEL  FLIGHT!  PERFORMANCE 
.  !  ”!  UH’-W TJSA  B7K' :  B?r237  $8 1^::: '■ 


;tDNF:iLGURA.TlOR: 


£SSS..  WI!Ilni.FCUR.  .-TA^<£ 


r;-!  6Ai.  i--G£^TEx£a:--Tt?-Ii-}  ■  GONDIT-IGN 
?.  !  !.  C NGJ! i  UDIN AL  L'CGii '  LEE.  _3SB...a „L__. 
3.  i  M ID i  LATERAL.!  CG  !  :  ,  :■  :  I  i. 

4“.  i'R:iFpRRtP"'ROTGR-  'SPEFp  : :  ?B8  RPR 

A  T-P-T-iVfiG-F>r  GLIR  GS : 


TnWf.VHTnw'  W V*VT  VfW^VTVV UWVV 


LOCATE 


!  L. FIGURE  6 . i 

LEVEL  FLIGHT" i  PFRFORmAmCE . 
iUH-S0A".USA  'S/N  fe-^3748. 


DENSITY 


■  THRUST 

nnnn:-  rr ,  't 


19..  260!  350 


.  KNITO  0  1  LT:-  •;  i  1,8: 


"J  "  *  ! 


:4- 


ii 

c  tn 

V  J 

<i  V" 

in  : 

u  ; 

Hrl-0:  t 


Y  ;  AIRCrSt  COMF1 

i  : ;.r.  i  i 

-;~—r 

I  '  !  :-  ! 

_ L. _ _ 


2  Q  o 


LRlNG  OBlAliiD 
DM  FIGURE  12; 


^  0490 -- 

lT:  ' 

lY.  .  ... 

Cl 

U.J 

r-,2009-  -i- 


1  :....!  .  . ■.  i  -  I  J....i. 

!.  _..L  .  .  C  AStlp> jJDNE  bf-RLY£D 

i-  |  :  ES5S  AfiF'C  TESTi 

i  uSAAEFA  PROJECT  NO  62-15 


err...., . ..  . 

rAlRiD^G_.  LERI 

1  : 

1  1 

...  . . :  i  i  . 

!  .  j ......  !  . 

;  i 

!  ;  i  : 

.  .  |  i  i 

FIGURES'  1  A 

■  !  i 

i 

i 

j  ,  ]  j . 

:  j  !  : 

I  :  1  .  1  . 

;  Ay, 

IRSPilLL)  CKNUIS; 

i 

boNTRQL  -Sn'st|i  i:ons  m 


.4VS. 

;  gross. 

'  WEIBMT  , 

!S,?do  hUq  .  filcMiob  b 

i1«uSH0:  3j_VQ  .  9<MXD3  3 
:'J&8::0<MJ.Cp-  e> 
.2a„2sa;.j£0 .  i.lcnxDb_o 


:mq:  ce: 
location 


. 

f  Light  !  i 

■SljRAriOKfhESSS  WITH 
:'"’i  :a  Nq  •!  •  ■ 


UZir\ 

*-  HO 
jhHLiJ 


0  0.001. 

M.m 


AHI&N  iIN 


m 


Wggfl 


I'JK 


m 


l^'jl 


CORRECTION 


FIGURE  .17; 


■SYSTEM  AIRSPEED:  CALIBRATION;  IN  LEVEL  f LIGHT 
60S"  US'S  S7N  •8?-.2374ST'  :':T"T~i  7  | 


T; . :: 

Long; 

.  ..  :.| 

. . 1 

I | 

1  •  .  .  -  ;  -  ; . 

|-:T.;I 

:  349 

I  - 

8<MID>  1 

8<M[U»  I  0  !  i  LT  ;  3720  i 

9CMp57  '  r<g , ' T r  LT-;— TT l~5ZQ\ 
1  7.480!  35e-.a<;-HlD7  '  8  1 1  LT  I  1  1  880 
'  '  ICMlto  i  81;  Lj  , 


jyiKj  *  i 

IliwaatBc” 


1  ;  DATA  OBTAINED-  IN.  CONJUNCTION.  ttllflj. LEV.El_...^. 
FLIGHT  PERFORMANCE  TEST 3  USING  TEST-  i  "  "! 

'  AIRSPEED  BOOH:  AS  REFERENCE  -  j  '  ■ 

2- .  — AI-RCR AF T— CGNF-I-6URATIOM—  -E5SS  -WI-THj  FOUR  TANKS 
3.  FAIRING  SHOWN;  FOR;  CT=0.  007 !  67!  DATA.  ONLY  1  .. 


figure  is: 

SHIP  SYSTEM  AIRSPEED:  CALIBRATION:  }M-EyEL  FEIGHT 
...  ; . ;  UH"69A  "LJSA  $m  SR--23748  •  7—7-7"--  - 


_ Am. . . AVG.-C.G-J_— AVgJ ;  .. 

SYM  GROSS  LOCATION  :  DENSITY1  ; OAT  ROTOR 

WEIGHT  LONG.  LAT  •  ALTITUDE  ;  SPEED 

■r  ^4'S>;---T  <BL>'  - . CFTO 

O-  18,060  341  . 8CFWLO'  0  .  !  '  LT  V  M  ^780  ll 5  0'  7  2S7;  : 
”□ 1 7,  480  3S2r  0CKID7  3  7T7LT— !  t  t  ;SSe'  —  T0-.-0;—  r2S6;:" 


:  avg.  : 

:  THRUST! 
COEFFICIENT 


17, 440  35 7 . 7 (AFT ) 


3.-1  -L T  i  •  \2-r  100:  .  -12.0!  -  i  255: 


0  009218 
”07008997  " 
•;  0-.  009152 


—A 


Q  v 
m 

■  U  ^  ®  ’ 

LJ  LJ 
a:  a 

,£X  a  u,  . 

o  <  0 
o  ■ 


.  .  NOTES  : . !j  .  .  DATA  OBTAINED  IN  .  CONJUNCTION  WITH:  LEVEL 

■  :  :  FLIGHT  PERFORMANCE  TESTS.  USING  TEST,  j 
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DISTRIBUTION 


HQDA  (DALO-AV,  DALO-FDQ,  DAMO-HRS ,  DAMA-PFM-T,  6 

DAMA-RA,  DAMA-WSA) 

US  Army  Materiel  Command  (AMCDE-SA,  AMCDE-P ,  AMCQA-SA,  4 

AMCQA-ST) 

US  Army  Training  and  Doctrine  Command  (ATCD-T,  ATCD-B)  2 

US  Army  Aviation  Systems  Command  (AMSAV-8,  AMSAV-ED,  15 

AMSAV-Q,  AMSAV-MC,  AMSAV-ME ,  AMSAV-L,  AMSAV-N, 

AMSAV-GTD) 

US  Army  Test  and  Evaluation  Command  (AMSTE-TE-V,  2 

AMSTE-TE-O) 

US  Army  Logistics  Evaluation  Agency  (DALO-LEI)  1 

US  Army  Materiel  Systems  Analysis  Agency  (AMXSY-RV,  AMXSY-MP)  8 

US  Army  Operational  Test  and  Evaluation  Agency  (CSTE-AVSD-E)  2 

US  Army  Armor  School  (ATSB-CD-TE)  1 

US  Army  Aviation  Center  (ATZQ-D-T,  ATZQ-CDC-C,  ATZQ-TSM-A,  5 

ATZQ-TSM-S,  ATZQ-TSM-LH) 

US  Army  Combined  Arms  Center  (ATZL-TIE)  1 

US  Army  Safety  Center  (PESC-SPA,  PESC-SE)  2 

US  Army  Cost  and  Economic  Analysis  Center  (CACC-AM)  1 

US  Army  Aviation  Research  and  Technology  Activity  (AVSCOM)  3 

UASA/Ames  Research  Center  (SAVRT-R,  SAVRT-M  (Library) 

US  Army  Aviation  Research  and  Technology  Activity  (AVSCOM)  2 

Aviation  Applied  Technology  Directorate  ( SAVRT-TY-DRD 
SAVKT-TY-TSC  (Tech  Library) 


US  Army  Aviation  Research  and  Technology  Activity  (AVSCOM)  1 

Aerof lightdynamics  Directorate  (SAVRT-AF-D) 

US  Array  Aviation  Research  and  Technology  Activity  (AVSCOM)  1 

Propulsion  Directorate  (SAVRT-PN-D) 

Defense  Technical  Information  Center  (FDAC)  2 

US  Military  Academy,  Department  of  Mechanics  1 

(Aero  Group  Director) 

ASD/AFXT,  ASD/ENF  2 

US  Army  Aviation  Development  Test  Activity  (STEBG-CT)  2 

Assistant  Technical  Director  for  Projects,  Code:  CT-24 

(Mr.  Joseph  Dunn)  2 

6520  Test  Group  (ENML)  1 

Commander,  Naval  Air  Systems  Command  (AIR  5115B,  AIR  5301)  3 

Defense  Intelligence  Agency  (DIA-DT-2D)  1 

US  Army  Aviation  Systems  Command  (AMSAV-GRD)  1 

US  Army  Aviation  Systems  Command  (AMSAV-GTD)  1 

US  Army  Aviation  Systems  Command  (AMSAV-EI)  1 

US  Army  Aviation  Systems  Command  (AMCPM-BH-T)  4 

US  Army  Test  and  Evaluation  Command  (AMSTE-CT-A,  AMSTE-TO, 

AMSTE-EV)  3 

US  ARmy  Materiel  Systems  Analysis  Agency  (AMXSY-R)  1 

United  Technologies  Corporation,  Sikorsky  Aircraft 

Division  (Rich  Gallagher)  1 


